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Procedures handled to improve fertilization and development of the brackish 
polychaete, Tylorrhynchus heterochaetus, and the outline of the early develop-
ment are described. The ripe eggs shed from the body cavity are the primary 
oocytes, which can receive spermatozoa. The separation of the fertilization 
membrane from the egg surface is slow. The germinal vesicle breaks down and the 
polar bodies are extruded after fertilization. The ooplasm segregates bipolarly prior 
to cell division. Cleavage pattern is totally unequal and spiral. Sterrogastrulae 
are formed by epiboly. The monotrochal trochophores develop about 24 hours 
after fertilization. They metamorphose into three-segment nectochaetes. 
I. INTRODUCTION 
The polychaete, Tylorrhynchus heterochaetus inhabits muddy bottom of 
brackish water stream. Reproductive swarming takes place for three or four 
consecutive evenings following major tides in October and November. The swarm-
ing worms (epitochae) generated from the anterior one-third of the total body-
length of immature form are called as "Japanese Palolo". Their body cavities 
are filled with mature gametes. Since a large quantity of gametes can be obtained 
and the eggs are fertilized ectosomatically or in vitro, this species seems to be one 
of the materials useful for embryological study. However, little investigation 
has been done. It seems to be due to the difficulty in artificial induction of normal 
fertilization or development. Failure in artificial fertilization or development may 
be attributed to two causes; one is that the gametes are not preserved under a 
suitable condition and the other is that ooplasmic changes following fertilization do 
not proceed normally. The unfertilized eggs are parthenogenetically activated in 
ordinary sea water and in fresh water, secreting jelly substances. Therefore, the 
unfertilized eggs should be preserved in diluted sea water which will not stimulate 
egg-activation. The inseminated eggs do not accomplish normal fertilization 
reactions in diluted sea water isotonic to natural habitat water. The fertilization 
reactions proceed normally in stronger saline solution (75-100% sea water) 
(OKADA 1952, 1967; OsANAI 1966a). 
OKADA (1967) described two failure cases in normal fertilization and develop-
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Text-figure I. Reproductive worms (epitochae) of 1'ylorrhynchus heterochaetus. a and b: 
male, c and d: female. 
ment. One is the "under-ripe" eggs, in which sperm entrance may be blocked. 
The other is the "over-ripe" eggs, which receive spermatozoa, but are arrested in 
development following fertilization. The developmental arrest in the eggs can be 
removed by means of the treatment with some chemical media, such as acid solu-
tions, Oa2+-free media or periodate (KAGAWA 1958, 1960; OKADA 1952, 1967; 0SANAI 
1966a, 1967a). The improvement in artificial fertilization methods makes it 
possible to observe easily fertilization and development processes. In the present 
paper at first the investigations on the promotion of fertilization and develop-
ment are reviewed, and then the observation on the early development with the 
application of the improved method is described. 
II. ARTIFICIAL FERTILIZATION 
The eggs are shed from the body cavity by pinching or cutting the worm body 
m diluted sea water. The eggs retain fertilizability in 30- 50% sea water for a 
long time. The sperm should be preserved in 75- 100% sea water for the fertilizing 
ability of sperm is lost in more diluted sea water (OKADA 1952; 0 SANAI 1966a) . 
The unfertilized eggs a.re shrinked in 50- 100% sea water and cytolized in distilled 
water. Ohlorinity isotonic with egg cells is estimated as about 5%o (OKADA 1952). 
The eggs, however, are not fertilizable in isotonic saline solution. When after 
being preserved in diluted sea wster (25-75%) the eggs are inseminated in ordinary 
sea water (100% sea water), the majority of them accomplish normal fertilization 
process (OKADA 1952, 0 SANAI 1966a). 
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OKADA (1952) reported that the cleaving eggs increased when the eggs were 
inseminated after Oa2+-free sea water treatment. 0SANAI (1966a) also tested the 
effect of Oa2+-free media on fertilization and development. The eggs were pre-
incubated in Oa2+-free media, such as 50% Oa2+-, Mg2+-free sea water and 0.5 M 
urea solution for 5- 15 minutes. Mter being washed with 50% sea water they were 
transferred into ordinary sea water and then inseminated. By the pretreatment 
with Oa2+-free media fert,ilization was remarkably promoted and cleavage rate 
was also accelerated. The eggs pretreated with Oa2+-free media tend to become 
polyspermic after insemination. Polyspermy can be avoided by non-use of exces-
sive amount of sperm. 
The fertilized eggs develop often abnormally. OKADA (1967) attributed the 
abnormal development to the over-ripness of eggs. In the abnormal or "over-
ripe" eggs ooplasmic segregation following fertilization is conspicuously depressed. 
Thus, cell division and differentiation are restricted only in small region with the 
segregated animal pole plasm, while the large part of the embryo remains as a 
mass of non-segregated ooplasm (OSANAI 1966a, 1967c). These developmental 
abnormalities can be removed by treating the fertilized eggs with acid or periodate 
solut ion. 
When the eggs were inseminated in 75% sea water and then transferred in acid-
75% sea water (pH 6.9, 75% sea water containing HOI, HN03, or H 2S04) , a 
considerable large number of them developed normally (KAGAWA 1958). The more 
conspicuous results are obtained with periodate-treamtmet (KAGAWA 1960, OsANAI 
1967a). If the eggs are inseminated in sea water solution containing I0- 4-10-5M 
periodate (HI04 or Nai04) and allowed to develop in this solution for more than one 
hour, the majority of them develop to normal larvae. Periodate not only removes 
the morphological abnormalities in the "over-ripe" eggs, but also accelerates 
cleavage in the apparently normal eggs. This reagent is effective as a development 
promotor only in the early stage of development within one hour following fertiliza-
tion. Sperm penetration into egg does not seem to be influenced. These facts 
suggest that periodate acts on the process of ooplasmic segregation preceeding 
cleavage. The inhibitors for ooplasmic segregation or development can be 
extracted from the unfertilized eggs with acid solution. Extracted inhibitors are 
inactivated by periodate (OsANAI 1967b, c). 
III. OUTLINE OF EARLY DEVELOPMENT 
By using the improved fertilization method the early development was 
observed. The swarming worms of Tylorrhynchus heterochaetus were collected at 
Y uriage, Miyagi Prefecture. The sexes are easily distinguished by different body 
colours, which are caused by gametes included in the body cavity. The female 
worms are yellow or green, and the male are whitish. The worms were sorted to 
the males and the females, which are separately stocked in 30% sea water. The 
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unfertilized eggs taken from the reproductive swaming worms are placed in 30% 
sea water and the sperm were suspended in non-diluted sea water. The eggs were 
inseminated in sea water containing 10-51\1: Nai04 and returned to normal sea 
water more than one hour after insemination. 
Unfertilized egg. 
The ripe unfertilized eggs immediately after shedding from the body cavity 
are hemispheric in shape. In 30% sea water the eggs swell to spheroids, about 
130-150 flm in diameter. The eggs are yellowish or bluish green in colour. The 
green pigment contained in yolk is photosensitive, changing from yellowish to bluish 
green under white or blue light and being yellow in dark (YAMAMOTO 1935; SuzuKI 
1967a). The pigment is extracted with methanol. The extracted pigment is 
yellow in reducing conditions, but it is changed to green by oxidation (SuzuKI l967b). 
The colour changes of the egg pigment seems to be useful as an indicator of oxida-
tion-reduction changes in the ooplasm. 
The egg is enveloped by the distinct vitelline membrane, about 1.5 flm in 
thickness. The cortex distinguished from underlying yolk mass contains the 
fine granules (the cortical granules) 1-2 flm in size. The large nucleus (the germinal 
vesicle) lies in central portion leaning somewhat to the animal pole. The central 
cytoplasm surrounding the germinal vesicle is basophilic and contains brownish 
pigment granules. The oil drops are distributed outside the perinuclear cytoplasm 
except animal pole side. The space between the cortex and the oil drops or the 
perinuclear cytoplasm is filled with yolk granules (Text-fig. 1a; Plate I, 1). 
Egg changes in fertilization process. 
The first visible sign of fertilization is the formation of the fertilization membrane 
which separates from the egg surface resulting from the exocytosis of the cortical 
granules. A part of cortical granule substances is secreted through the vitelline 
membrane, forming the jelly coat around the egg, and the rest relates with the 
formation of the fertilization membrane and the perivitelline space (YAMAMOTO 
1952). The membrane separation and the perivitelline space formation proceed 
slowly, being detected 10-30 minutes after insemination. 
About 20 minutes after insemination the germinal vesicle begins to deform 
(Text-fig. lb). The first maturation division takes place and the first polar body 
is extruded 40-60 minutes after insemination. The second maturation division 
proceeds after 60-90 minutes after insemination. Prior to maturation division, 
the central cytoplasm holding the egg nucleus moves toward the animal pole and 
fuses with the cortical cytoplasm, constituting the animal pole plasm. The oil 
drops move toward the vegetal side of t he animal pole plasma and yolk granules 
occupy the vegetal region (Text-fig. 1c). After ooplasmic redistribution the animal 
region, brown in colour, is clearly distinguished from the dark green vegetal region. 
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Text-figure 2. Ooplasmic segregation following fertilization. The eggs were fixed with 
Mo'l'OMURA's solution No. l (MOTOMURA 1963), sectioned with t he usual paraffin 
method and then stained with toluidine blue. a : unfertilized egg. b: 20 minutes 
after insemination. c: first maturation d ivision stage, 40 minutes after insemination. 
d: second maturation division stage, 60 minutes after insemination. X 400. 
Prior to polar body extrusion the cytoplasmic expansion (the polar lobe) appears at 
the vegetal pole. The lobe is reabsorbed after the completion of polar division. 
The spermatozoa attach on the egg membrane immediately after insemination, 
but detach gradually during fertilization process (OSANAI 1976a). It is estimated 
that the sperm detachment is attributed to the releasing of a protease-like factor 
from the egg. (OSANAI 1976a, b). 
Cleavage. 
The first cleavage begins about 2-4 hours after insemination. The time 
of onset of first cleavage varies depending on temperature and individual. In the 
"over-ripe" eggs the time spent from fertilization till first cleavage tends to be 
elongated. The onset of cleavage is made faster and more synchronously by 
periodate treatment (OSANAI l967a). In the first cleavage the expanded lobe 
appears at the vegetal pole and then the cleavage furrow is formed. One of the two 
blastomeres absorbed the polar lobe, forming the large cell (the CD-blastomere). 
The other is the smaller AB-blastomere. After the second cleavage, three smaller 
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blastomeres (A, B and 0) and one larger blastomere are formed. In the eight-cell 
stage four small blastomeres (la, lb, lc and ld) lie in the animal side, and three 
smaller blastomeres (lA, lB and 10) and one large blastomere (lD) occupy the 
vegetal part. The four animal blastomeres contain brown cytoplasm and the 
small amount of green yoll< while the vegetal cells contain the oil drops and the 
large amount of yolk. 
Gastrula and trochophore. 
Gastrulation proceeds through epiboly. The products (the ectoderm) of the 
animal blastomeres overgrow the large oil-bearing cells (the endoderm). The 
blastocoel is scarcely observed. In the early gastrulae about 13 hours after 
insemination the small ectoderm cells are brown in colour and the large endoderm 
cells are green. The oil drops contained in the endoderm cells fuse into large drops 
located near the animal pole. 
The monotrochal trochophores develop after 24 hours. The girdle of ciliated 
cells, the prototroch, rings the larva just above the equator. The long apical tuft 
of cilia grow from the apex, but the metatroch is not observed. The trochophores 
swim actively with ciliary movement. In the course from the non-motile gastrulae 
to the swimming larvae the so-called hatching (slipping out of the egg membrane) 
does not occur. The trochophores disengage only from jelly mass in which they 
are embedded. The cilia grow through the egg membrane covering the egg 
surface. After 3 days the pigmented band of prototroch develops well and the 
rudiments of the parapodia are formed in the posterior part. 
N ectoch.aete. 
The provisional setae formed in the chaetal sac shed out of the body surface, 
growing to the b.un.dles of the definitive setae. The two anterior pairs of the seta 
bundles appear first. The third setae are formed somewhat later than the anterior 
pairs. At 11 days after fertilization the three trunk segments develop fully. Each 
of the segments has a pair of chaetal bundles. Two pairs of the pigmented eyes 
appear in the rear of the prototroch. After then the body elongates in the 
anterior-posterior direction. The metamorphosed worms creep and swim with the 
setae. 
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EXPLANATION OF PLATES 
Plate I 
Fig. 1. Unfertilized egg placed in 30% sea water. 
Fig. 2. First polar body was extruded , 1 hour and 20 minutes after insemination. 
Fig. 3. Second polar body was extruded, 1 hour and 50 minutes after insemination. 
Fig. 4. First cleavage, 2 hours and 10 minutes after insemination. 
Fig. 5. Two cell stage. 
Fig. 6. Four cell stage. 
Fig. 7. Third cleavage, 3 hours and 15 minutes after insemination. 
Fig. 8. E ight cell stage, animal pole view. 
Fig. 9. Eight cell stage, vegetal pole view. 
Fig. 10. Gastrula, 13 hours after insemination. 
F ig. ll. Trochophore, 26 hours after insemina.tion . 
Fig. 12. Same above, phase-contrast microscopic figure. Apical tuft of cilia and proto-
trochal cilia are observed. 
Magnification: X 200. 
Plate II 
Fig. 13. Trochophore, polar view. 
Fig. 14. Same above, phase-contrast microscopic figure. Prototrochal cillia are observed 
at the margin. 
Fig. 15. Vegetal pole side of the trochophore. 
Fig. 16. Trochophore, 48 hours after insemination. 
Fig. 17. Trochophore, 48 hours after insemination. 
Fig. 18 and 19. Trochophore, 51 hours after insemination. 
Fig. 20. Same above, phase-contrast microscopic figure. 
Figs. 21 and 22. Three-day larvae. Chaetal sacs were formed in trunk. 
Magnification: Figs. 13-16, 18-20 X 200; Fig. 17 X 150; Figs. 21-22 X 270. 
Figs. 21 and 22. 
Figs. 23 and 24. 
were formed. 
Plate III 
Kectochaetes, 4 days after insemination. 
Nectochaetes, 7 days after insemination. Two pairs of seta bundles 
Fig. 27. Nectochaete with three pairs of seta bundles, 11 days after insemination. 
Fig. 28. Metamorphosed worm, 20 days after insemination. 
Mangification: Figs. 23-24 X 150; Figs. 25-28. X 100. 
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